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%DFNJURXQG 7UHDWPHQW RI FDUGLRYDVFXODU ULVN IDFWRUV EDVHG RQ ULVN LV DQ HIIHFWLYH
VWUDWHJ\IRUSUHYHQWLRQRIFDUGLRYDVFXODUGLVHDVHV&9':RUOGZLGHLPSOHPHQWDWLRQRI
ULVNEDVHG &9' SUHYHQWLRQ UHTXLUHV ULVN SUHGLFWLRQ WRROV WKDW DUH FRQWHPSRUDULO\
UHFDOLEUDWHGIRUWKHWDUJHWFRXQWU\DQGFDQEHXVHGZKHUHODERUDWRU\PHDVXUHPHQWVDUH






VPRNLQJ EORRG SUHVVXUH GLDEHWHV DQG WRWDO FKROHVWHURO ,Q WKH QRQODERUDWRU\ RIILFH
EDVHGULVNVFRUHZHUHSODFHGGLDEHWHVDQGWRWDOFKROHVWHUROZLWKERG\PDVVLQGH[:H
UHFDOLEUDWHGULVNVFRUHV IRUHDFKVH[DQGDJHJURXSLQHDFKFRXQWU\XVLQJDYHUDJHULVN
IDFWRU OHYHOV DQG &9' UDWHV:H XVHG UHFDOLEUDWHG ULVN VFRUHV DQG GDWD IURP QDWLRQDO






)LQGLQJV 3UHGLFWHG ULVNV IRU WKH VDPH ULVN IDFWRU SURILOH ZHUH ORZHU LQ KLJKLQFRPH
FRXQWULHVWKDQLQORZDQGPLGGOHLQFRPHFRXQWULHV/0,&VZLWKWKHKLJKHVWULVNVLQ





ULVN E\ WKH ODERUDWRU\EDVHG DQG RIILFHEDVHG ULVN VFRUHV +RZHYHU WKH RIILFHEDVHG
PRGHOVXEVWDQWLDOO\XQGHUHVWLPDWHGWKHULVNDPRQJGLDEHWHVSDWLHQWV  
 


















7KH ULVNEDVHGDSSURDFK WR&9'SUHYHQWLRQ UHTXLUHV LGHQWLI\LQJKLJKULVNSHRSOH IRU
H[DPSOHWKRVHZLWKDRUPRUHULVNRIKDYLQJDFDUGLRYDVFXODUHYHQWLQ\HDUV











EHFDXVH PRVW FRXQWULHV GR QRW KDYH WKH LQIRUPDWLRQ DQG FXUUHQW ULVN HTXDWLRQV DUH








:H SUHYLRXVO\ SUHVHQWHG D QRYHO DSSURDFK IRU ULVN SUHGLFWLRQ LQ JOREDO SRSXODWLRQV
*/2%25,6.DQGDSSOLHGWKHPHWKRGVWRSUHGLFW\HDUULVNRIIDWDO&9' ,QWKLV
SDSHU ZH XVH WKH VDPH PHWKRGV WR HVWLPDWH WKH ULVN RI IDWDODQGQRQIDWDO &9' DQG

















,Q WKHRIILFHEDVHGPRGHOZH UHSODFHG WRWDO FKROHVWHURO DQGGLDEHWHVZLWK ERG\PDVV
LQGH[%0,DVWKHUHLVDVWURQJFRUUHODWLRQEHWZHHQ%0,DQGGLDEHWHVFKROHVWHUROERWK
GXH WR WKHGLUHFWHIIHFW RI H[FHVVZHLJKWRQ WKHVHPHGLDWLQJSK\VLRORJLFDO WUDLWV DQG
EHFDXVHFRPPRQIDFWRUVVXFKDVSRRUGLHWDQGSK\VLFDOLQDFWLYLW\LQFUHDVHERG\ZHLJKW
EORRGJOXFRVHDQGVHUXPFKROHVWHURO$VVXSSRUWHGE\SUHYLRXVUHVHDUFKDQLQWHUDFWLRQ







E\ FRPSDULQJ WKH SUHGLFWHG DQG REVHUYHG \HDU ULVN E\ GHFLOHV RI ULVN FDOLEUDWLRQ
$SSHQGL[SDQG$SSHQGL[)LJXUH:HFRPSDUHGSURSRUWLRQRISDUWLFLSDQWVZKRZHQW









EHVW FXUUHQW HVWLPDWHV RI WKHVH TXDQWLWLHV IRU WKH WDUJHW FRXQWU\$JHDQGVH[VSHFLILF



























We used the recalibrated risk scores to generate risk charts for 182 (of the 193) WHO 




Application in national surveys 
We used the recalibrated laboratory-based risk score and individual-level data from 
nationally representative surveys to estimate the proportion of population at different 
&9' risk levels in 10 countries with recent (2007 or later) surveys (Appendix Table 3). 
)RUHDFKFRXQWU\ZHFRPSDUHGWKHDYHUDJH\HDUULVNRIIDWDO&9'IURPWKHSUHYLRXVO\
SXEOLVKHG *ORERULVN PRGHO WKDW ZH UHYLVHG WR XSGDWH WKH DYHUDJH ULVN IDFWRU DQG













WKUHVKROG IRU KLJKULVN LH SRWHQWLDO IDOVH QHJDWLYHV ZRXOG EH UHIHUUHG IRU IXUWKHU
ODERUDWRU\WHVWLQJ:HHVWLPDWHGSURSRUWLRQRIWKRVHDWKLJKULVNZKRZHUHLGHQWLILHGE\




































LQ 6RXWKHDVW DQG Central Asia, and Eastern Europe $SSHQGL[ )LJXUHV  DQG  For 
example, for some of the most populous countries presented in Figure 1, the predicted 
10-year &9' risk for a non-smoking 65-year-old man with diabetes, SBP of 160 mmHg, 
and a total cholesterol of 6 mmol/L spanned from 21% in Japan and United States to 53% 
in China, and the predicted risks for the same profile for a smoker ranged from 26% in 
Japan to 62% in China. The complete set of risk charts and a risk calculator is available 













:KHQXVLQJDULVN WKUHVKROGIRUKLJKULVN LQKLJK LQFRPHFRXQWULHV WKH WZRULVN
VFRUHVDVVLJQHGWKHVDPHULVNVWDWXVWREHWZHHQDQGRIPHQDQGDQGRI





PRGHO XQGHUHVWLPDWHG ULVN E\  WR  LQ YDULRXV DJHV DFURVV WKH  FRXQWULHV
$FFRUGLQJO\WKHSURSRUWLRQRIWKHSRSXODWLRQFRUUHFWO\FDWHJRUL]HGDVORZRUKLJKULVN





In the four high-income countries, percentage of individuals at high-risk (
ODERUDWRU\EDVHG&9'ULVN who were correctly identified by the office-based risk score 
UDQJHGfrom 66 to 82% among men and from 36 to 71% among women (Table 4). In these 
countries, between 14 and 61% of the population who had a borderline risk would need 





























ULVN WKUHVKROG IRU KLJKULVN VHHPHG HIILFLHQW EHFDXVH RQO\ D VPDOO SURSRUWLRQ RI
LQGLYLGXDOVZLWKERUGHUOLQHRIILFHEDVHGULVNZRXOGQHHGIXUWKHUODERUDWRU\WHVWVWRGHWHFW
RIKLJKULVNLQGLYLGXDOV,QFRQWUDVWKDOIRIZRPHQLQ&DPERGLDDQGPHQLQ0H[LFR




RI UHGXFLQJ FRVWV ZLWK WKH SRVVLELOLW\ RI PLVVLQJ WUXO\ KLJKULVN LQGLYLGXDOV:KHUH D
GLIIHUHQFH ZDV REVHUYHG DPRQJ WKH ODERUDWRU\EDVHG DQG RIILFHEDVHG VFRUH LW ZDV

















KLJKHUULVNRIQRQIDWDO&9' Moreover, SCORE risk charts do not include diabetes 
which is an important predictor of CVD.  
 
In addition to providing a unified risk score and risk charts that can be used for all 
countries, our risk charts can be easily updated as new national data on average risk 
factor levels and CVD rates become available. Our risk scores also include interactions 













2XU VWXG\ KDV VRPH OLPLWDWLRQV )LUVW EHFDXVH QDWLRQDO &9' LQFLGHQFH UDWHV DUH QRW
DYDLODEOHIRUPRVWFRXQWULHVZHHVWLPDWHGIDWDODQGQRQIDWDO&9'UDWHVXVLQJQDWLRQDO
,+'DQGVWURNHGHDWKUDWHVIURP:+2DQGHVWLPDWHVRIFDVHIDWDOLW\UDWHVE\DJHVH[




HSLGHPLRORJLFDOPHWKRGV ZHXVHG WKH DJHSDWWHUQRI FDVH IDWDOLW\ IURP6ZHGHQ
ZKHUHKLJKTXDOLW\GDWDZDVDYDLODEOH IURPPRUH WKDQRQHPLOOLRQHYHQWV LQ UHJLVWULHV
EHFDXVH DJHVSHFLILF FDVH IDWDOLW\ UDWHV ZHUH QRW DYDLODEOH IURP RWKHU FRXQWULHV $V
$SSHQGL[)LJXUHVDQGVKRZIRUVHYHUDO FRXQWULHV WKHHVWLPDWHGHYHQW UDWHVDUH
TXLWH FORVH WR WKH REVHUYHG RQHV  WKH HVWLPDWHG &9' UDWHV WKDW ZH XVHG IRU
UHFDOLEUDWLRQ XQGHUHVWLPDWH WKH RYHUODS EHWZHHQ QRQIDWDO HYHQWV DQG WKHUHIRUH
RYHUHVWLPDWHWKHQRQIDWDO&9'UDWHDVWKHUHLVDSRVLWLYHFRUUHODWLRQEHWZHHQQRQIDWDO
,+' DQG VWURNH UDWHV EHFDXVH WKH\ VKDUH ULVN IDFWRUV (PSLULFDO GDWD WR TXDQWLI\ WKLV











RQ QDWLRQDO DQG LQWHUQDWLRQDO JXLGHOLQHV IRU &9' SUHYHQWLRQ± +RZHYHU WKH
WKUHVKROGDERYHZKLFKDSDWLHQWLVFRQVLGHUHGKLJKULVNDQGHOLJLEOHIRUFRXQVHOLQJDQG
WUHDWPHQWGHSHQGVRQWKHSULRULWLHVVHWIRUGLVHDVHFRQWUROLQHDFKFRXQWU\7KHWKUHVKROG
DOVR FKDQJHV WKH VHQVLWLYLW\ DQG VSHFLILFLW\ RI WKH ULVN VFRUH ZKLFK DOVR YDULHV DFURVV
FRXQWULHV)LQDOO\ZHSUHVHQWHG\HDU&9'ULVNDVWKLVLVPRVWFRPPRQO\XVHGLQULVN
VFRUHV DQG ULVN FKDUWV +RZHYHU \HDU ULVNV XQGHUHVWLPDWHV OLIHWLPH ULVN DQG PD\
WKHUHIRUHOHDGWRXQGHUWUHDWPHQWHVSHFLDOO\LQ\RXQJHULQGLYLGXDOV 
 
5LVNEDVHG SUHYHQWLRQ RI &9' LV QRZ D PDMRU VWUDWHJ\ SURSRVHG E\ QDWLRQDO DQG
LQWHUQDWLRQDOJXLGHOLQHV7KHULVNFKDUWVSUHVHQWHGKHUHFDQEHXVHGWRSUHGLFW





LQGLYLGXDOV 7KHUH DUH RQJRLQJ WULDOV WR HVWDEOLVK ZKHWKHU WKH HIILFDF\ RI PXOWLGUXJ
WKHUDS\ DQG OLIHVW\OH DGYLFH LQ /0,&V LV VLPLODU WR WKRVH REVHUYHG LQ KLJKLQFRPH
FRXQWULHV7KHUHLVDOVRRQJRLQJUHVHDUFKRQZKHWKHUQRQSK\VLFLDQFOLQLFLDQVDLGHGE\
QHZ LQIRUPDWLRQ WHFKQRORJLHV VXFK DV ULVN FKDUWV FDQ LGHQWLI\ DQG PDQDJH KLJKULVN
LQGLYLGXDOVHVSHFLDOO\LIUHJXODUFRQWDFWOHDGVWREHWWHUDGKHUHQFH  
 
Research in context 
Evidence before this study 
:H VHDUFKHG 3XE0HG IRU DUWLFOHV UHODWHG WR FDUGLRYDVFXODU GLVHDVH ULVN SUHGLFWLRQ LQ
JOREDOSRSXODWLRQVXVLQJWKHIROORZLQJNH\WHUPVFDUGLRYDVFXODUGLVHDVHULVNSUHGLFWLRQ
ULVNVFRUHULVNHTXDWLRQGHYHORSLQJFRXQWULHVORZDQGPLGGOHLQFRPHFRXQWULHVJOREDO
:H UHYLHZHG WKH  DUWLFOHV UHWULHYHG IURP WKLV VHDUFK WR LQFOXGH ULVN SUHGLFWLRQ
HTXDWLRQV WKDW FRXOG EH DSSOLHG WR PRUH WKDQ RQH FRXQWU\ 2QO\ WKUHH ULVN SUHGLFWLRQ






7KH 6\VWHPDWLF &RURQDU\ 5LVN (YDOXDWLRQ 6&25( SURYLGHG VHSDUDWH ULVN FKDUWV IRU
(XURSHDQFRXQWULHVEXWWKHULVNFKDUWVRQO\SUHGLFWULVNRIIDWDOFDUGLRYDVFXODUGLVHDVHDQG
GLGQRW include diabetes which is an important predictor of cardiovascular disease. Finally, 
the INTERHEART Modifiable Risk score was developed from a multi-country case-
control study, unlike other models that are based on prospective cohorts, and did not 
include stroke as an outcome. 
 
Added value of this study 
We provided risk scores, with and without laboratory-based measurements, for 
predicting 10-year risk of fatal and non-fatal cardiovascular disease and recalibrated the 
risk score to produce risk charts for 182 countries. The two risk scores are designed in a 
way that allows and necessitates updating as new data on average risk factor levels and 
cardiovascular disease rates become available. 
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